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INTRODUCTION 


Steel and iron vipe lined with cenent to protect it against covrosix 
has been used in the municipal water systens of the New England totes = 
about 1670. In most recent years, the petrcleuwa industry adopted cemer 
lined pipe to forestall corrosion, particularly in those areas wnere to 
quantities of corrosive brines and hydrogen sulfide are associated with +. 
cil produced. Many of the oil companies hed on hand large quantities cr 
corroded pipe, normally disposed of as scrap, which could be cleaned, lin 
with cement, and returned to service. It was soon learned that after tr 
so-called eas pipe was lined with cement much of it could serve fully e 


well as new cement-lined pipe. 


ue 


ment of sere processing: plants in the Mid-Continent ‘oil- oe vedueiae Eres 
Today six cement-lining plants serve the areas - three in Oklahoma ani 
each in Kansas, Texes, and Illinois, All of these plants have lined ler: 
guantities of usei pipe for the brine-disposal systems of western Kansas 
Tllinois, and east Texas and also for the operators of waver-flooding rr: 
Jects in “ge hiGactern Oklahcma ‘and southedsteérn Karsas, where large cusn- 
ties of brine and fresn water are being injected into the oil-bearing 
formations as a secondary oil-vecovery method. Since war demands during 
the past 2 years have created an acute shortage of steel, the need of re- 
claiming used pipe for the expansion of oil-producing Spent ions has bec> 
more evident than ever before. : Thus the new industry (sbout 6 years old 
lining used pipe with cement: - is saving large quantities of steel at a 
critical time by reclaiming used pipe and preventing further corrosicn. 


o iad 


ee ee 

This eesGre on lining used oil-field pipe with cement was prepared & 
the general supervision of R. A. Cattell, chief engineer, Petroleum and 4 
ral Gas Division, Bureau of Mines, Washington, D. C., and N. A. C. Site, 
former supervising engineer, Petroleum Experiment Station, Bureau of Mir 
Bartlesville, Okla. ard under’ the direct supervision of Ludwig Schmidt, 
senior petroleum engineer, Bureau’ of Mines, Bartlesville, Okla. 


Gratefully acknowledged is the cooperation received from the manuf? 
turers of cement-lined pipe in the Mid-Continent area and from the offt:: 
of the several oil companies who contributed information on the uses of 
cemcnt-Lined pine on their proverties. 


The writer is indebted to the following members of the Bureau of i!: 
for constructive revicw of the manuscript: Gustav Wade, C. K. Eilerts, = 
R. V. Smith, Bartlesville; Gkla.; and C. J. Wilhelm, Franklin, Pa. 

PLANTS IN THE MID-CONTINENT AREA FOR LINING PIPE WITH CEMENT 

he location of plants for lining pipe with cement, with reference 7 
those oil-producing areas whcre large quantities of used pipe are avsilt 


for reclaiming, is important because of the cost of shipping the pipe tc 


455 ss Oi 


Google 


FIGURE 2.- Machine for cleaning external surface of pipe. 
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von the plants. In the Mid-Continent oil-producing areas, much cf the pipe 
9 be reclaimed is found in the older oil fields of northeastern Oklahoma 

ni southeastern Kansas and in those areas where corrosive brines and hydro- 
e, sulfide are produced with the oil. In the areas mentioned, cement-lined 
‘se is widely used in water-rlooding operations for the Secondary recovery 

> oil and in brine-disposal systems. 


To meet the demand for reclaiming used pipe for oil-field operations 
sere are two plants for lining pipe with cement in Tulsa, Okla., one in 
rata, Okla., one in Iola, Kans., one in Salem, IJ1l., and one in Gladewater, 
«x, These plants started operations during or after 1940 and are cement- 
wuing new and used pipe. A few of the plants also purchase used oil-field 
-e for lining with cement and therefore are in a position to supovly cement- 
-ned used Dipe to the market, 


THEORIES OF PROTECTION BY LINING WITH CEMENT 


It long has been known that the manner in which a cement coating pro- 
es steel is both physical and chemical, the cement acting as a protective 
“(cr and as a neutralizing elkali In 1927 Carson2/ pointed out that the 

nection ¢ afforded against corrosion of steel by cement linings is dependent 
“mn the bDlanketing effect of the cement layer and the alkalinity of the lime 
: e cement in contact with the metal wall. The permanence of a cement 
anal, ing therefore is related in part to the solubility of the constituents of 
“6 cement, particularly the calcium compounds. Some of the dissolved con- 
*.tuents in oil-field brines, such as magnesium sulfate, hydrogen sulfide, 

“3 iron compounds, tend to react with the calcium compounds in portland 

es end may cause the lining to deteriorate and lose its protective effect 
: the reactions progress too repidly or too extensively throughout the cement 
ver, Consequently, processors of cement lining for pipe have developed 

<=n8 with properties that are particularly resistant to the deteriorating 
“ects of oil-field fluids. 


PREPARING USED PIPE FOR LINING WITH CEMENT 


The successful application of coment lining to used pipe depends in part 
“2e condition of the pipe itself. All used pipe acceptable for cement 
oe must be straight and free of holes. Some processors of cement lining 
“¢ quipped with machines (fig. 1) to straighten crooked pipe and with weld-. 
“¢ 6quipment to spot-weld holes, but usually this extra service is done 
Scvhere before the pipe is shipped to the processor. Used pipe commonly 
* classified in three grades, No. 1, No. 2, and No. 3. The No. 1 grade is 
“6 OF pit holes, has good threads, and meopouas to the "hammer" test (rings 
aly when tapped with a peen famner): When cement-lined, the No. 1 grade 
: “Scomended for working vressures equivalent to those for new pipe. The 
°. ¢ grade of pipe is not free of pits and may have a few holes through the 
2ll, but these holes must be spot-welded before the cement lining is applied. 


Carson, Harry J., Cement-Lined Water Mains: Ind. and Eng. Chem., vol. 19, 


1927, PD. 781 - 783. 
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Some processors do not accept the No. @ grade if the holes to be evo. ve. 
exceed 1/8 inch in dicmeter, because pine corroded to that extent is co: 
Sidered too weak for servi Pees The pipe necad not respond clearly to the 
Woermnen" oe and although the threads ra;r not be pervect it 13 reccmnt 
that the pipe be "snornsa" for new tnreads before the lining is applielt 
cavse worn ee feequently develon leaks. Wo. 2 pine is recormmendes 
service where the working: pressuxe is much lower than thet required for: 
pipe, “auch mS for o1l= ond braneé-cavhering lines. “Tne 0s: 3 grade of u* 
pine meets ncne of the above renuirevents and consequently is not ayites. 
for lining with cement or for Turther service. 

To insure a tight bend between metal end cement, the inside surfzc 
all used pipe must be cleaned thoroushly. It elso is desirable to clean 
external surface to exnose «ll holes. The external surface usually isc. 
by means of a pine cleaning wachine (fig. 2); the internal surface may tt 
cleaned by one or more of several methods, including sand blasting, dire. 
heat, steam washing, and mechanical scraping. sually it is necessary *: 
to heut used ei icercia »yipe cver a flame or with a torch to burn out ci. 
and then to remove the scale. 


METHOD OF APPLYING CEMENT LINING IN PIPE 


The process of lining metal nipe and tubing with hydraulic cements | 
back to about 1876, according to various accounts. The cement mixture * 
distriouted within the pipe by the centrifugal force developed by rotst: 
the pipe at a high speed, tnus producing a compact lining of uniform th. 
ness with a smocth surface. The composttion and mixing of the cenent, *. 
rotational speed of the pipe, ard curing during tne setting period or 2: 
cement are all imoortant considerations contributing to a satisfactory 2 
and require special knowledge and prectical experience. 


Centrifugal Process 


For cement-lining pine by the centrifugal process, a measured qua: 
of mixed cement is Res into the vipe in a uniform ridge througheut 
length of the pipe; the nrover auantity of cement charged into each size 
pipe to give ths ae ourcats lining thickness (see table 3) is detern=! 
by practice. Next, special bushings (see fig. 3) are screwed on the ex: 
of the pine to novide "stons" for the Lining flush with the ends of tre 
and to serve as guides for the thickness of the lining. The pipe ee 
placed on the rolling wachine (fig. 3), where the cement ape is : 
uniformly by rotating the pine at a peripherel speed of 500 to SCO 
minute until uniformity is obtained. Usually a mandrel, of appropria 
mever, 18 Tushed. throvrh the pine to size” the lining, end. the pipe. 
vorated a second time as before. The centrifugal force developed in tr 
rotating operation is ae to press excess water out of the cement sc 
the lining is comoact enough to withstand handling of the lined pive f° 
the machine to the curing eer, ) | 
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Setting Time for Cement Lining 


Proper setting time and ¢vring method for the cement lining in pipe are 
very important to reduce shrinkage to negligible proportions and to assure a 
hich mechanical strength. One’ curing method used is to place the newly lined 
pipe on racks that are slightly inclined and flow water through the pipes 
occasionally during the curing period. Most processors allow lined pipe to 
set or cure For 4 to 5 days before shipment is made. 


Type and Composition of Cements Used 


Portland., natural, and pozzuolana cements, including blast-furnace slags, 
ere available for lining pine. Of these three, the pozzuolana type is most 
comcnly used for lining pipe because of its higher resistance to corrosive 
fiuids, 


Portland cement is an artificial chemical product of fairly definite 
tmposition, containing epproximately 59 to 65 percent lime, 19 to 25 per- 
bent Silica, and o to 14 percent iron oxide and alumina. The composition 
the finished product tends toward the pure tricalcic silicate (3Ca0,Si0.), 
Witch corresponds to 73.6 percent CaO and 26.4 percent S10. Actually 
povtland cement contains some impurities. ca 


é letural cements are made from clayey limestones carrying 13 to 35 per- 
ied clayey Materiel, in which silica varies between 10 to 22 percent and 
ming and iron oxide together may vary between 4 to 16 percent. 


iia ne cements (also referred to as pozzolanic or pozzolan cement) 

en a materials composed largely of silica and alumina with some 

vith i © and are capable of forming hydraulic cements simply on being mixed 

acne ee Actually, some pozzuolana-type cements, such as the slags used in 

tluding eh &cture, carry some lime. Analyses of the foregoing cements, in- 
* Dlast-furnace slag, are given in tables 1 and 2. 


TABLE 1. - Analyses of raw cements_/ 


Pozzuolana 
pefore 
adding lime, 
ercent 


Alumina 
cement, 
percent 


Northern 
' natural, 


Southern 
Portland, | natural, 


LVSnt nercent 


L., Chemical Characteristics of Cement Pipe Lining: 
* and Eng. Chem., vol. 22, No. 11, November 1930, 04. bes 
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TAPLE 2. - Anelysis cf iron blast-furnace slact/ 
Comet vucnt Percent 
Gare re er ee ee rr eet > 
MAS coeaeoereeneaneeeoe ees eoerereeneoseresr ee) 


BooOs, cl @ marae eae ere rene ee ere eee ee 0.75 
ATOR caececcercccverecsceverecers 28.00 
Sices Seceeoeeceovnseeaeeeeeeoseeneseeveserne S 
CORRE T eee ee eee eee eae ee 1.90 
1/ As vreportea by Eckel, E. C., Cements, Limes, 
and Plasters: John Wiley & Sons, Inc., 
Nev York, 24 ed., 1925, yr. 321. 


areful investigations on the composition of cements used for liniz: 
pine have shcwn that the originel types of linings were not entirely sau 
factory because the cements were relatively soluble owing to their high . 
content end beceuse many cement linings underwent appreciable shrinkess | 
ing setting. This shriniage ceused loosening and cracking of the linirs 
with consequent loss cf the protective value. According to Cheppell,Z/ 
revorted on the condition oF the cement lining of pipe that had bcen <x. 
vice for more then 50 rears in the water system at Worcester, Mass., 21. 
the lime content of the cement was found to have teen displaced by iror 
hydroxide. Proccssors of cement lining for pipe also have found that c- 
jeld brines containing spprecievle amounts of magnesium sulfate ard nt 
sulfide are particularly destructive to cement linings that have a reise: 
high lime content. Mepnesium sulfate reacts with lime to deposit ceicl: 
sulfate, and although caicium sulfate itself may contribute some protec: 
value in the cemcnt lining, "lenching" of the cement by the mignesium su 
and exoansion of the celcium sulfate will result in as softening and cre 
OL the dining i: the cement. tes 6 nie Jams content. Por-the ebove res 
most processors of cement lining no lonzer employ streight portland ce-: 
(table 1) for lining pipe for oil-field operations and are commonly us‘: 
pozzuolana materials that have low lime end hish silica contents. 


Tuickness of Cement Lining 


The sizcs of pipe lined by the cement-lining processors range froz 
inch to 20 inches in diameter, end the thiclmess of the lining is varie: 
the size of the pine. The lining epcolied to 1/2-inch pipe is 0.05 inc: 
thictmess and is increased to 0.25-inch thickness for 6- to @-inch pire 
to 0,312 inch for pipe over & inches in diameter. A list of lining tu: 
nesses, inside diameters, and weights of lining per linear foot of pire 
pips sizes 1/2 inch to le inches in diameter is shown in teble 4. 


Cenent Lining of Pipe Fittings 


To efford complete nrotection of the metal in a cement-lined pipe -° 
it also is necessary to use cement-lined fittings. Pipe nipples are cx 
lined by the centrifugal process in the same manner as the longer leng:: 
pips. Other fittings, suck as ells, tees, and crosses, however, are it: 
hand with the aid of cores or svecial equipment. In applying the lint: 
fittings that have internel threads, care is used to terminate the lim: 
well below the bese of the thrends. ee 
Chappell, E. L., Chemical Characteristics of Cement Pipe Lining: - 

and Eng. Chem., vol. 22, Wo. 11, November 1930, p. 1Leok. 
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TABLE 3, - Dimensions and weights of cement-lined pipe 
; (for new pipe) 


“ Internal dianeter Thickness 
minal size, | Unlined, | Cement-lined,| of lining, 
nches inches inches _ inch 
. aa 0.022 0.404. O06 
see eee 82h 086 | 06 
lL cees eeu ss 1.049 896 06 
Lieu kwawes 1.380 |- 1,175 08 
Be 1.610 1.405 208 
are 2.067 1.780 J16 
A ee 2.469 2.182 sid 
Piece nce wens 4,068 2.725 LES 
CM sideadan 5.548 4,205 5185 
P chcaceremtte 4 026 4.620 ~156 
Prin paadtalee tens 5.047 4548 <167 
Binsoariaile wines 6.065 5.440 6250 
O daieesabenes 8,071 7446 6250 : 
Dpiwesiass, 7.981 7.356 6250 28.55 ! 36.18 
P siieciveawe | EO.192 9.445 »312 S120 42.91 
I téiaveeaies: | Oy L356 9.387 »312 34.24 45,88 
Fessvisvesve TP -oeOeO 9.271 2312 | =40.48 51.99 
DR iititan bane tee 11.341 312 =| 43.77 57.74 
Bttsseseseee | 12.000 Di,eo. 312 | 49,56 63.43 


Pipe collars usually are not cement-lined individually because of the 
wll exposed area between the threaded sections but usually are partly lined 
ith the pipe when in place on the pipe. When assembling pipe it is necessary 
Oepply cement over the exposed metal at the threads to attain complete pro- 
ection. Some users of ccoment-lined pipe prefer to use plastic type cements 
0 seal the threads so that the pipe may be disconnected with less danger of 
tacturing the adjoining cement lining. A commoner method of sealing the 
treads consists of applying the required amount of cement slurry over the 
posed metal as the pipe is assembled and then drawing a mandrel through the 
“ssage SO as to compress and smooth the cement over the recess. 


COST OF LINING PIPE WITH CEMENT 


The cost of lining pipe with cement, of course, is important to oil oper- 
tors if any economy is to be realized through the salvage of used pipe. 
side fron the labor cost of replacing badly worn pipe, some of the costs that 
ater into the salvage of pipe in addition to the cement-lining cost are 
shopping" cost (straightening of pipe and cutting of new threads) and 
rausportation to and from the cement-lining plant. 


The weights of various sizes of new pipe , With and without cement lining, 
> de used in computing shipping weights , are given in table 3. Costs of 
“aent-lining the commoner sizes of pipe at the plant, as reported by oil 
erators in 1944, are as follows: | 
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Pine size, Cost per foot, 
inches dollar 
de 0.075 
2.0 085 
ZU) ele 
0 play 
6 to 7 025 


USES OF CEMENT-LINED PIPZ IN OIL-FIELD OPERATIONS . 


‘Cement-lined steel pipe is used primarily for carrying watera. ar aise 
tions that corrode unprotected steel pipe or for tuberculating waters *1: 
tend to clog the pipe. Processors of cement lining use cement materials 
produce a lining that is highly resistant to the deteriorating effects cz 
field fluids. Special curing treatment reduces shrinkage of the. lining * 
negligible proportions and gives it a high mechanical strength. so- that fm 
unusual precautions are necessary for handling cement-lined pipe.. Pite 1 
with cement may be cut and threaded the same as ordinary pipe.: - The. princ 
uses of cement-lined pipe in petroleum production are for water-fiooding 
projects, for brine-disposal sjstems, and for oil-gathering lines where * 
fluids handled are very corrosive pecaune of the PEgaeuce of brine and. hb; 
gen sulfide. a ele! 


Weter-Flooding Projects 


The injection of water into oil-bearing formations as a means of. s*- 
lating the recovery of oil is widely practiced in northeastern Oklahcm 2 
southeastern Kansas. Field development for water flooding requires cls 
spaced input and producing wells (usually 330 feet between the like weil: 
a five-spot pattern) and an intricate system of water lines for deliver!: 
water to the input wells. The source of the water may be fresh water °° 
streams, surface ponds, or wells, brine produced with the oil, or mixtu: 
of fresh water and brine. To prevent corrosion and avert frequent re, = 
ment of the water lines, many operators of water floods have resorted t 
use of cement-lined pipe for the water-distribution lines and cement-1l=:: 
tubing in the input wells. In some instances where the operators of ¥2*: 
floods flow the oil from producing wells, cement-lined tubing and cement: 
lined oil-gathering lines also are used. Most of the cement-lined ee 
pipe used in water floois is reclaimed pipe, principally because used ? 
_usualiy is available in areas where secondary recovery of oil is ae 
and because of the shortage of steel. Moreover, water flooding, like c:: 
secondary recovery methods, usually is operated on a narrow margin oa 
and seldom justifies the use of new and costly materials. Some operato- 
prefer to install only cement-lined new tubing in wells to lessen Gee 
of leaks developing at the threaded joints. Wear of threads on used pir 
cause the threads to seat against the end of cement lining and resuit = 
leaky joint. Surface lines, of course, may be tested for leaks when es° 
and inspected periodically, "put leaks at the threaded joints of tubing = 
stalled in a well can be found and repaired only with difficulty and at¢ 
siderable cost. A common practice in water flooding is to cement the ts 
in the well with several sacks of cement above the packer, s0 as to with: 
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‘re pressure Of injected water; as a result, the tubing cannot be rerzoved 
resdily for examination. 


One operator of extensive water floods in Nowata County, Okla., employs 
eomert-lined used pipe exclusively for both the water and oil surface lines 
end cement-Lined new tubing in the input and producing wells. The practice 
this operator is to electric-weld all joints in the surface lines, leaving 
cy avery narrow area of exposed metal. It is found that electric welding 
crfines the heat in the narrow region at the weld, preventing cracking and 
enxbling of the cement lining, and that the narrow area of exposed metal at 
“28 welded Joint readily becomes encrusted with sediment when fresh water is 
reved through the pipe. Electric welding of the joints in the surface also 
ranits directional changes in the line without the use of cumbersome swing 
tow fittings which increase the resistance to flow through the pipe. 


This operator has reclaimed much of the pipe used for surface lines in 
wate County by having the pipe cement-lined - a salvage of about 10,0C0 
“cst of pipe a month. Moreover, some of the reclaimed, cement-lined pipe 
ae seen in service for about a years, operating at line pressures ranging 

x = #00 to 500 pounds per square inch, and still is giving gocd service. 

cugn this operator can use ee | tubing in the producing wells 
= flow the oil, it is not practical to use cement-lined tubing in pumping 
ls because the action of the purp rods will damage the lining. 


Brine-Disposal Systems 


The common practice of disposing of oil- field brines in inland regions, 
re appreciable quantities of such brines are produced with the oil, is by 
“jection into subsurface formations that already contain a ee re waters. 

vy oil-field brines, such as those produced from the Arbuckle formation of 

estorn Kensas and from the Woodbine formation in east Texas, are particu- 
rly corrosive to steel because of either the mineral salts or hydrogen 

oo ide. AS a protection against corrosion of surface lines for transport- 
-3 the brines in disnosal systems to disposal wells, both cement-lined pipe 
“3 bipe of corrosion-resistant materials (cement-asbestes and fiber-asvhalt ) 

“ Comonly used. In disposal wells, however, it is necessary to use steel 
sing because of the mechanical strength required; thus cement-lined tubing 

: $ commonly used to protect against corrosive brines. 


| A large of 1 producer with extensive holdings in Heseern Kansas is oper- 
"8 le brine~ disposal ghee in 9 fields and uses tubing in the disposal 


. ng satisfactory service. Much of the cement- Lined new Bike and new 
ee 8 used by this operator has been cement-lined locally to save on the 
» Of shipping cement-lined pipe from the eastern factories. 


wn 
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Oil-Gathering Lines 


In areas where large auantities of brine and hydrogen sulfide are pre 
duced with oil, corrosion of the cil-gathering lines often is very ser-c.s 
Some cperators are reclaiming much of their corroded gathering lines bj hs 
them reconditioned, cement-lined, and restored to service. As mentioned: 
viously, some operators of water-flooding projects use cement-lined pine f 
the oil-gathering lines a3 well as for water-injection lines. The quan:-t 
of cement-lined used pipe in service in any area is not known, but subst 
quantities are being used by some oil operators in western Kansas and ty; 1 
water-flooding cperators of northeastern Oklzhoma and southeasvern ifinscs, 


SUMMARY 


Large quantities of used and badly corroded oil-field pipe are being 
reclaimed by the cement-lining process and returned to service, thus efi 
ing a substantial saving in steel. The process has enabled many oil pro- 
ducers to continue and even expand operations at lower costs, and to Dro 
pipe against further corrosion, particularly in those areas where corres" 
brines and hydrogen sulfide mixtures are handled. In many instances, Cer: 
lined used pipe serves equally as well as cement-lined new pipe. 


Cement-lined pipe as now produced is lined with cement materials tne 
are highly resistant to corrosive fluids and to tuberculating waters that 
tend to clog the pipe. The lining is applied in a uniformly thick, smoc: 
layer by a centrifugal process, is little affected by sudden temperature 
changes, and has high mechanical strength, so that no unusual handling p> 
cautions are necessary. ined pipe may be cut and threaded the same as © 
nary pipe. Pipe fittings also are cement-lined, and when the lined pire. 
assembled the exposed metal remaining at the threaded joints usually is * 
over by plastering the joint with cement slurry followed by drawing a =2- 
through the passage to compress and smoothen the cement over the joint. 
operators prefer to opply plastic-type cements over threaded joints to 
tate unscrewing the joint without breaking the cement lining adjacent to 

The principal uses of cement-lined pipe in oil-field operations are 
water-flooding oil-bearing formations as a secondary recovery method, fcr 
brine-disposal systems, and for oil-gathering lines where the fluids hen: 
are particularly corrosive to steel. In some water-flooding projects, cé 
lined pipe is used for both water and oil lines. Cement-lined tubing :s 
commonly used in brine-disposal wells and in the water-input wells of ws 
flooding developments. When oil is produced by flowing in a water-floc-- 
project, cement-lined tubing also may be used in the producing wells, bu: 
scraping action of the pump rods in pumping wells will damage the cemer-: 


At present, six plants for lining oil-field pipe with cement, in C:- 
Kansas, Texas, and Illinois, serve principally the oil operators in thc 
States. No estimate can be made of the quantity of used pipe cement-1- 
these plants, but it is known that substantial quantities have been lire: 
the water-flooding operators of northeastern Oklahoma and southesstemn t° 
and for brine-disposal systems in western Kansas and east Texas. 
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